ox CERTAIN GENERA AND SPECIES OF ('ARNIVOROIJS 
DINOSAURS. WITH S1‘ECIAL REEEREN(’E TO CERA- 
TOSAURUS NASICORNIS MARSH. 



P.y Oi.ivKi! 1\ IIav. 

Of \VnsJnn<;ton, nf Oohnnbia, 



Thrmicfh the liberality of the oflieers of the United States National 
ilusenni the writer has been enabled to pre])are tln‘ following* 
])apei\ wliich is based mainly on s]:)eeimens in the possession of the 
]\Inseiiin. Xearly all these s])ecimens were originally collected by 
Prof. O. C. ^Inrsh while acting as Vertebrate Paleontologist of the 
V. S. Geological Survey. 

1. TITK i^KXrS LAr»nOSAT^m S MAKSII AX1> ITS SPKriES. 

In 1870" ]\Iarsh established the genus Lahro,^(nirH,s^ with his Allo- 
Incarh as the type. This species had been descrilied in 1878 ^ 
and was based on materials found in the Upper flnrassic of Colorado. 
In this earliest descrij)tion tlnn-c was mentioned oidy an anterior 
dorsal vertebra. In the description of 1870 cervical and dorsal 
vertebrje and fore-limb liones were briefly described. So far as the 
writer knows, no j)art representing this s])ecies has ever been figured. 

In 1884" Marsh added a second sjoecies to the genus, Lahrosmir^is 
ferox. The only part of this animal that vras mentioned is the left 
dent ary. iMarsh here made the statement that in L<(brof<(nfruf< the 
teeth are moi’e triangular than in the othei* genera of the oi-dei*: but 
whether or not this statement had its basis in this specimen is 
doubtful, inasmuch as the crowns of all the teeth are missing and 
the roots almost wholly conceah‘d by matrix. This dent a it bone 
(Cat. Xo. 231 0 , U.S.X.M.) probably came from the same locality 
and level as the type of L. lucaris. 

In 180(1^ Marsh again mentioned this species and presented the 
same figures. In a footnote on page Itu) he remarked that the skull 

" Anier. .lonr. Sci., XVTI, p. m. 

^ menu. XV, i>. 

"Idem., XXVII, ji. a;>a. pi. IX, Ilirs, 1-C). 

Dinosaurs of X'orth Animdea, pjE l27o, pi. xiii. ti.iis. 2 4 . 
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of ^UIo,^(n/?^ns ferox had an aperture in the maxillary in front of the 
antorbital opening. The context appears to indicate that "'AllosaHvus 
ferox " is a slip of the pen for AUomurifs fragills, just as Lahj^oi^mirus 
ferox seems to be called Lahrosauru.s fragUis on page 270. At any 
rate, this is the only mention that Marsh made of the skull of eitlier 
L, ferox or A, fragiJi^. In the definition of the family Labro- 
sauridae^ he mentioned no part of the skull but the lower jaAv. 

On page 270 of the work last cited ]\Iarsh referred a third species 
to Lahrosaurus^ namely. L. snlcatuH, This is done in the explanation 
of Plate XIII. fig. 1: and. so fai’ as the writer is aware. Marsh 
noAyhere else mentioned this species. Three yie^ys of a single tooth 
are giA^en, but there is no description and no statement as to the origin 
of the specimen. 

Inasmucli as no teeth or parts of the skull Ayere. so far as Marsh in- 
forms us, pre.sent AAuth the type of 7>. Inearis^ and only teeth or parts 
of the loAyer jaAv a])pear to Iuiac been repiesented in the types of the 
other species, one is at a loss to understand on Ayhat grounds the 
second and third species Ayere referred to Lahroscuirus, Further- 
more. it may be AA’oi’th Ayhile to inquire AAdiether L. ferox and L. 
snlratus are congeneric. 

The type of L. soleatuH is a tooth Ayhich. judging from IMarsh's 
figures, presents a croAyn oO rniu. high. Avith a base AAdmse antei*o-pos- i 
terior diameter is 12.5 mm. and aa ho.se transA^erse diameter is 12 mm. 
There is a posteidoi* face Ayhich appears to ha ye been soiiU'Ayhat con- 
caye. its outer boundary being foi-med by a crenulated. its inner by a 
smooth, cai’ina. The outer face of the tooth is ornamented at the 
base by about eight ridges, of Ayhich only three remain at the apex. 
The inner and the posterior faces are re]:iresented as being smooth. 

As already stated, the jaAy of L. ferox presented to ^larsh little or 
nothing of the teeth. The croAAuis of all the functional teeth are miss- ^ 
ing and the roots AA'ere almost Ayholly concealed by matrix. A section | 
of the base of the croAA n furthest in front shoAxed aboxe the enyelop- 
ing sandstone. Of this matrix the AAriter has remoA^ed enough to 
ex]Dose a ]>art of the outer and front faces of the tooth. The inner 
face had l)een almost AAdiolly absorbed by the successional tooth, of 
Axhose apex about 0 mm. are uoaa^ laid bare. The functional tooth 
had an antero-posterior diameter of 15 mm. and a transATrse diameter 
of 0 mm. The latter diameter Axas neai‘ the front of the tooth, a fact 
Avhich indicates that the anterioi’ cutting edge had subsided far aboAX' 
the base of the croAvn. The hinder edge seems to liaA’-e reached the 
l)ase. The outer and anterioi* faces and the little tliat remains of the 
inner face are wholly smooth. The innei* face, too. of the succes- , 
sional tooth is perfectly smooth and both the anterior and postei’ior 
cutting edges are (*r<‘nulated. 

_ -- - - I 

"Amer. Juur. Sei., L, ISUf), j). 4U.‘»: I)iiius;\iirfc; of North Aiiiericjj, i>. lioO. 
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The writer has likewise ex])osed the tooth AAdiich Avas disj^laeiiig 
the sixth functional tooth, the outer Avail of Avhose base still remains*. 
The apex of the snccessional tooth is broken off. The long diameler 
at the section thus furnished is 8.5 mm.: the diort diameter, 5,5 mm. 
The inner and outer faces are equally coiiax^x. both are smooth, and 
both cutting edges are cremil a ted. 

Such being the structure of the teeth of the types of Lahros(n(rnR 
ferox and Z. suJeatus. it becomes evident that the tAAm si)ecies belong 
to quite distinct genera and almo.st ceifainly to ditferent families: but 
Avhich of them belongs to Lahrosaurns, if cither, can be determined 
only by future discoA^ries. 

In the loAver jaAv of Z. ferox thei*e Avere plainly 12 teeth. The first 
was placed (>8 mm. behind the tip of the jaAV, betAveen Avhich and the 
tooth there is a deeji notch. The posterior part of the dentary is lient 
doAviiAvard in an extraordinary Avay, somcAvhat like that of a friiigil- 
line bird. These peculiarities shoAv that this species l)elongs to a 
family entirely distinct from that typified by Anosa}no(}<. 

2. NOTE ox AXTIiODEMT^S LEIDV. 

In the Avriter's Bibliography and (5italogue of the Fo.ssil Vei'te- 
brata of Xorth America, 1002, ]). 480, all the species of LahrosauruH 
are referred to A)}trode7niis Leidy. The i-esponsibility of this assign- 
ment must be shared by the Avritor and his friend, Frederic A. Tineas. 
The Avriter is uoav inclined to recede from the position tliei'c taken. 

Antrodnvus Avas established by Leidy* on the hinder half of a 
caudal A^ertebra of some carniA'orous dinosaui*. This AAU'tebra (Cal. 
Xo. 218, IT.S.X.iM.) had been found by Dr. F. V. Hayden in ^Middle 
Park, Colorado, and Avas supposed to have come fi’om Cretaceous 
deposits. XoAv, inasmuch as no caudal A^ertebra' have been desci*ibed 
or cA’en mentioned in connection Avith any of the species of Lalm>- 
sanrus, and inasmuch as it is A^ery doubtful if Arfrodemvs e<den}< 
came from the same level as L(d)ros((^tr}t}^ hiearis^ thei’e apjAoars to be 
no suflicient reason for displacing ifarsh's generic name in favor of 
Anfi^odemns, 

By an inexplical)le error the Avriter ^ refeiTcd to A}drodemus the 
remains descril)ed by iNlarsh as AlJosaurus medhis. These remains 
had been found in Potomac deposits at Muii'kirk, iMarvland. and Avere 
placed by ]\Iarsh in Allom^nois only provisionally. 

3. OX ALLOSArUUS MARSH AXD OREOSAlUirS MARSH. 

The genus Creosainnis is a subject of discussion. Dr. S. A". AVillis- 
ton ^ has called attention to the fact that a lumbai* A"(u4ebra Avhieh 

®Proc. Acad. Xat. Sci. Pliila., ISTO, p. 3; Coutrib. Ext. V(Tt. Eaima West, 
Terrs., 1S73, p. 207, pi. xv, figs. 10-18. 

^Bibliog. and Cat. Foss. Vert. X. xVmer., i>. 489. 

^Amer. Jour. Sci., XI, 1901, p. 111. 

Proc. X. M. vol. XXXV — OS 23 
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^larsh " first attrihiited to Allosaurtfs fraf/l/Js was afterwards, without 
expression of reasons therefor, referred ^ to atrox, Xever- 

tlieless, we can liardly snj^pose tliat ]\Iarsh ever repirded this vertebra 
as a part of the type of A. fra(jilh: and, if we ean depend on ^Marsh's 
figure, said to be one-sixth the natural size, this vertebra is not the 
one whose measurements ai*e given by ^Nlarsh. inasmuch as its length 
is 110 mm., instead of 105 mm. 

The type of Creosauinis atrox is a left ilium, which ilarsli figured 
more than once.^ iNlarsh informs us in his earliest description that 
there were some teeth which he refei’red to this species and which had 
trihedi*al crowns and crenidated cutting edges; and he has figured 
the right premaxillary with its five teeth. This premaxillary is prob- 
ably a part of the individual that furnished the ilium. In the last- 
mentioned citation Mar.sh stated that the anterior end of the ilium 
might be imperfect. lie gave, as the extreme length of the bone, 
700 mm. Tt may be confidently assumed that the antei’ior l)order of 
the bone had approximately the foian seen in the ilium of AVo^anrm 
and that the front of the ])ubic process has suffered some loss. Almost 
certainly ]\Iarsh Avas mistaken A\dien he suggested that a prepnbic 
bone liad articulated Avith this piwe.ss. The oilginal length of the 
ilium may be regarded as having l)een close to 720 mm. It is propose d 
to compare some of its dimensions, taken from ^larsh's figure, Avith 
corresponding dimensions taken from the ilium, also 720 mm. long, of 
the sj^ecimen of Allomurus f)a(jiUs, noAV in the V, S. Xatlonal 
^Mu.seum, Cat. Xo. 4704, from Avhich Avere made fig. 2. Plate X. and 
fig. 2, Plate XT, of iMarslds Dinosaurs of Xorth America. The second 
(‘olumn mider each species j)resents the percentage AAhich each 
measurement is of the length of the ilium. 

Tahir of incasurcninil s aad pcrvrnla(](‘s. 



Part measured. 


Allosaurn.^ /raailis. 
Dimension. 


rrroi^aurus 

Dimension. 


atrox. 

Percent- 

age. 




Mm. 




Mm. 




Greate.sl len^tli of iliiiin 


7'20 


100 


720 


100 


Leiij^th of acetabulum 


222 


21 


190 


26. 4 


Length from aeetabulum to end of ilium 

Length from bottom of anterior notch to himler end of 


220 


47 


310 


43 


ilium 


547 


1 7 


520 


73 


Width of bone where narrowest above acetabulum 


279 1 


39 


300 


12 


Height of upper border above acetabulum 


325 


47 


320 


44 



Tt AAull be observed that the dilferences in the measurements of the 
tAvo species do not reach 5 per cent of the length of the bone. The 



'^Amor. Jmir. Sci., 1875), pi. x, li, 4. 

Idem, XXVTI. ISSI, p. M.'M, pi. xiv, .*], 4. 

Idem, XV, 1878, p. 2iP>, figs. 1, 2; XVII, 1870, p. 1)0, pi. x, figs. 1, 2; XXVII, 
1884, p. .">‘37), pi. XIV, figs. 1, 2; Dinosaurs of X. Ainer., 1800, pi. xii, figs. 2, f». 
^Dinosaurs of Xorth America, pi. x, fig. 2. 
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acetabulum of C?^cosaurus is relatively small, the neck above the pubic 
and ischiadic processes broad, and the crest high above the acetabu- 
lum. The notch above the pubic process does not extend backward 
as far as the front of the acetabulum; but there is another ilium 
in the U. S. National ]\Iuseum (Cat. No. believed to belong to 

AUosaiams fraglUs^ which is intermediate in the depth of this notch. 
WhateA ^er may be true of othei* parts of the skeleton of Creos(furus^ 
there do not appear to be any characters in the ilium that distinguish 
it generically from Allosaurus. The metapodial whose measurement 
Avas given by ]\Iarsh ® has the sanie length relative to the length of 
the ilium that the fourth metapodial of Allosaurus fragills has to its 
ilium, being about 40 per cent. 

Dr. S. AV. Willistoii® has published a figure of a scapula, coracoid, 
and some fore-limb bones Avhich certainly ditfer from those of Allo- 
saurus; but there is as yet no certainty that any of these belong to 
Creosaurus. Osborn ^ has figured as that of Allosaurus a scapula 
which differs greatly from that of ]\Iarsh's specimen and Avhich 
resembles closely Williston’s figure of the scajDula thought to belong 
to Creosaurus. 

Osborn has likewise described and figured a skull as that of 
Creosaurus ; but he grants that the genus has not been clearly sepa- 
rated from Allosaurus. AVhen this figure is compared with that of a 
skull identified by Osborn"^ as Allosa^trus no important dilTerences 
are discoverable. 

The skull last mentioned and the scapula figured by Osborn belong 
to the fine skeleton of a carnivorous dinosaur which is on exhibition 
in the American Museum of Natural History in New York. It is 
to be regretted that there has not yet appeannl a full critical descrip- 
tion of this animal. However, a popular account of it, authorized by 
Professor Osborn, was published in December, 1007.^ by ilr. AValter L. 
Beasley, and was accompanied by three figures reproduced from 
photographs. In this article Professor Osborn contributed a para- 
graph in Avhich he identified the reptile as Allosaurus. Almost 
certainly, however, it is not Allosa\rrvs fragills.^ for various reasons. 
AVhile the length of the fore limbs of the American ^Museum speci- 
men has almost exactly the same ratio to the length of the hinder 
limb that Ave find in the type of Allosaurus fragills., the various 
segments of the fore limbs of the tAvo are quite unlike. There 
appears to be no good reason Avhy one cannot rely on ^larsh’s figure 
of the fore limb and shoulder girdle. In the NeAv York specimen 
the hand is relath^ely enormous, being fully as long as the humerus 

®Amor. Jour. Sci., XA", 1ST8, p. 243. 

^Bull. Amer. Mas. Nat. Hist., XXII, 1000, p. 291. 

c Idem, XIX, 1903, p. G97, figs. 1,2. 

<^Idem, XXII, 1900, p. 280, fig. 2. 

^ Scientific American, XCVII, p. 446. 
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and one and three-fonrtlis times the length of iho fore arm; while 
in AUosaurus fraf/ilis the hand is about six-tenths as long as the 
humerons and about equal to the fore arm. The deltoid erest of the 
Xew York specimen is broader and more abruptly formed than in 
Allosai/rus fva(jilh and the bones of the fore arm are much stouter. 
When the figures of the Xew York specimen are compared with those 
of the shoulder girdle and limb published by AVilliston, as mentioned, 
one finds the re.semblaiices l)ctween the common parts to be very close 
indeed. It seems probable that the American ]\Iuscum specimen 
belongs to Creosaimis rather than to AllomnrnH, 

4. THE UEXEKA DEINODON EEIDY, DKYPTOSAUKUS MARSH, AND 
xVLRERTOSAURrS OSBORN. 

Mr. Lambe has ])ublished ^ an instructive description of two skulls 
of a species of carnivorous dinosaur under the name of Dryptosaurus 
iiKTaxsatus, The name LaJap^ 'nicrassatus (— />. incrassatus) was 
first applied by Co]:>ed' to two teeth found in the Judith River beds, 
ilontana ; afterwards^ to a dentary bone from the same region and 
level and retaining some of the teeth. Later Cope described under 
the same name the two skulls which Lambe has made the subject of 
his communication. These skulls were derived from the beds of the 
Edmonton series in All)crta, deposits that are probably equivalent 
to the Ceratops beds of Wyoming. 

Lambe concluded, and without doubt with justice, that the Edmon- 
ton skulls did not belong to the same species as the teeth and the 
dentary bone that had originally borne the name Lwlapn incrassatus. 
lie then proceeded to do two things that are open to criticism. lie 
identified the Judith River specimens alluded to as being probably 
I)elnodo)\ horridus Leidy, and then proposed that the Edmonton 
s})ecimens should hereafter be regarded as the types of Dryptosaurus 
incrassat\(s. 

That the Judith River specimens described by Cope do not belong 
to D. horridus seems evident from the fact that none of the various 
teeth originally described by Leidy under this name had the trans- 
ver.se diameter greater than that parallel with the jaw. As regards 
the transfer of a sijecific name from one type to another, it is needless 
to remark that this is not permitted by the rules of nomenclature. 
Mr. Lambe should have described those skulls under a new siDecific 
name. This was later done by Osl)orn,^ who bestowed on them the 
name Alhertosaur}0< sarcophayus. 

« Contrii). Caiiad. Palicont., Ill, 1004, Pt. 8, i)|). 5-27, pis. i-viii. 

^ I’roc. Acad. Nat. Sci. Pliila., lSTr», j). 24S. 

^ Idem, 187(1, p. 840. 

^ Proc. Anier. Philos. Soc.. XXX. 1802, ji. 240. 

«Biill. Amer. Mus. Nat. Hist., XXI, 1005, p. 205. 



NO. 1048. 



CERTAiy CARyiYOROUS DiyOSAURS—HAW 



357 

Whether or not Osborirs ^enns Alhertosaurus will prove to be well 
founded only future discoveries can decide. The Edmonton beds are 
considerably younger than the Judith River. In the intein^al that 
elapsed, the genera of dinosaurs may have wholly changed ; but we 
are not certain of this. That Dryptosauras^ an Upper Cretaceous 
genus, the tvpe of which was found in Xew Jersey, nia}^ have existed 
in the nearl}^ contemporaneous Judith River epoch and region is 
wholly probable. Trachodon is believed by paleontologists to include 
species from the Upper Cretaceous of New Jersey, the Judith River 
beds of ilontana, and the Ceratops beds of Wyoming. OinvithomimuH 
appears to have continued from the Eagle epoch, older still than the 
Judith Rivery and from the Judith River epoch itself, to the Edmon- 
tonJ' The type of the genus O. vclox was found in the Denver beds.^ 
EA^en many species of vertebrates of the Ceratops beds are as yet 
indistinguishable from those of the Judith River, as noted especially 
by Williston.*^ 

It seems likely that Osborn has laid greater emphasis on the prob- 
able generic distinctness of the dinosaurs fi*om the Upjier Cretaceous 
of New Jerse^y the Belly RiA^r, the Judith RIati*, and the Edmonton 
beds respect iA'elv, because of his vicAV that the Belly RiA’^er beds do 
not belong to tlie Upper Cretaceous, but to a much loAver, though as 
yet undefined, horizon.^ 

Osborn's definition of Dryptosaurus does not seem to exclude from 
that genus the Judith River dent ary described by Cope. In both, 
some of the anterior mandibular teeth had the long diameter of the 
section at the base of the croAAUi directed transversely to the axis of 
the jaAv. Eurthermore, in case the species incnis^atus does not be- 
long to Dryptosaurus^ the establishment of a ncAV genus for its I’e- 
ception appears to be required. In any case, O.sborn's mild reproach 
that Lambe had referred the Edmonton skulls to a NeAv Jersey genus 
loses its force. To say that Lambe had referi'ed those skulls to a 
Judith River species is incorrect, as has been sIioaa n above. 

In Alhertosaurus sarcophagus a tooth that ma}^ be regarded as the 
first incisor has, according to Lambe’s description, the hinder face 
fiat, so that the cross section is D-shaped, Avhile the corresponding 
tooth of Dryptosaurus incrassatus has the anterior cutting edge 
brought far around toAvard the inner side of tlie tooth, thus repre- 
senting a stage someAvhat more primitive than that of Alhertosaurus 
sarcophagus. The species ma}^ therefore be generically distinct. As 

° Ilatchor, Bull. U. S. Geol. Suit., No. 257, i». ST. 

^ Lambe, Contrib. Caiiad. Pabeout., TII, I‘t. 2, 1002, p. 5o. 

^ Cross, Mono.m*. U. S. (leol SurA'., XXVII, p. 227. 

Science, XVI, 1002, p. 052. 

^Contrib. Canacl. Pabeout., Ill, Pt. 2, pp. 7-10. 
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regards the alveolar partitions, there appears to be little ditierenee. 
On this point eoin])a]* *e Cope's description ® and that of Lambe on 
page 1() of his paj)er cited above. 

That Alherto^ain^us is distinct from Deinodon is still more doubt- 
ful. Osborn has presented what he regards as the probable characters 
of the latter geniis.^ Now, of the maxilla and the mandible of 
Deinodon nothing is known: hence nothing of the alveolar partitions 
and tiaangular interdental plates. It is not known that the anterior 
mandibular teeth were large and truncate in cross section. The 
small tooth with D-shaped sectioii which was figured by Leidy ^ may 
have occupied the place of first mandibular incisor, just as it does in 
Alhertosaurus ,sarcophagus.*^ What the structure of the premaxillary 
teeth of Deinodon was is not known. It is in the premaxilla? that 
may have been inserted those large teeth with D-shaped section that 
ai’e represented by Leidy's figures 85-40 of the plate cited. Drypto- 
sannfs^ as re])resented b}" Cope's rhidith Rivei' dentarv, was, at most, 
probably not far removed from Deinodon, and in close pi-oximity to 
that dentary Cope found a large tooth with D-shaped section. This 
he thought had been in the ]3osition of an upper canine: but it might 
({uite as well have been an upper incisor. In case all the teeth orig- 
inally refei*red 1)V Leidy to Deinodon i‘eally belonged to one animal, 
it seems to me that tlie present evidence indicates that the small 
teeth witli D-shaped section belonged in the fi’ont of the lower jaw, 
while the large teeth with similar section belonged in the premaxilla?. 
AjkI the writer sees nothing to exclude AJhertosauvufi sarcophagus 
from association with the species of Deinodon. 

It may not be improper to remark liere that Osborn erred when he 
stated^ that the present writei* has held the view that the name 
Deinodon is invalid. The writei* needs only cite a paper in the Amer- 
ican Geologist ^ and his Bibliography and Catalogue of Fossil Verte- 
bra ta of North America ^ to show that he has both used and defended 
the use of Deinodon. Nor is it coi’rect to say that Cope rejected the 
name because of the indefiniteness of the type. Cope regarded the 
name as j)reoccuj)ied 1)V Dinodon of Dumeril and Bibrom as I have 
shown in the article cited in the Ameiacan Geologist. 

In his interesting paper heiT considered Osborn appears to imply 
that lAudy's genei'ic name Auhlysodon may become available in case 
it shall be shown that those teeth originally referred to Deinodon 

Acad. Xat. Sci. Tliila., ISTd, ]>. ‘*42. 

Aiiicr. Mus. Xat. Hist., XXI, 1005, p. 2C»1. 

^Trails. Aiiicr. Philos. Soc., XI, 1851). pi. ix, lii^s. 41—1.5. 

*M.anil)o, (V)iitrib. CAinad. Pahcoiil., Ill, PI. :’*, p. 11. 

('oiitrih. Caiiad. Palicoiit., HI, 1002, p. IS; P»nll. Ainer. .Mas. Nat. Hist., 
XIX, 1005, ]). 250. 

( voi. XXIV, isoo, p. :hg. 

^Page 4SS. 
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which had a D-shaped section belonged in fact to an animal distinct 
fi-oin the one which possessed the saber-shaped teeth. The Avriter 
regards as remote the contingencies under which this is possible. 

Leidy applied the name Deinodoii to teeth of various forms and 
sizes, without specifying any as types. Cope Avas the first who 
restricted the name and he® applied it to those teeth with the 
D-shaped section; and as first reviser his act must be respected. 
Leidy 's having first mentioned the saber-shaped teeth in his desci'ip- 
liom and given them a lower number on his plate certainly iiaA^e 
nothing to do AAuth the matter, and his subsequent application of the 
name Auhhjsodon to the teeth Avith D-shaped section can aA^ail nothing 
against Cope. On this point Canon XXI of the American Orni- 
thologists Union's Code of Xomenclature and the remarks folloAving 
it may be consulted. 

To the present Avriter it seems that there are only tAVo possible con- 
ditions under A }ibhjsodon may become available. The first is 

that hereafter it shall be found that the name Deinodon had been 
employed for some animal before its use by Leidy. The second is 
that it shall at some time be shoAvn that the tooth represented by 
Leidy 's figures 35 and 3f> belonged to one genus, AAdiile that repre- 
sented by figures 3T— tO belonged to another. In such a case it may 
possibly be alloAvable to employ Deinodon horrid us for one tooth, 
Auhlifsodon mirandiis for the other. The teeth represented by 
Leidy's figui*es 41-45 are excluded, inasmuch as Leidy expressed a 
doubt respecting their relation to the other teeth. This expression of 
doubt 1 ‘enders nugatory ‘Marsh's restriction of the name mirandns to 
these teeth. ^ 

r>. OinSEKVATIOXS ox THE SKULL OF FEKATOSAl UFS XASICOKXTS 

MARSH. 

The skull Avhich forms a part of the type of Marsh's (^erutosaurus 
nasicornis belongs to the U. S. National Museum and bears the cata- 
logue No. 4735. 

During its entombment this skull became someAvhat distorted and 
much compressed, so that its thickness, from side to side, is uoaa^ only 
about 4 inches. ^Marsh's figures present a someAvhat restored vieAA^ 
of the skull. Furthermore, at the time that these figures AATre made 
the matrix had not b(‘en remoATd from the oi’bits and the antorbital 
A^acuities, and consequently the bones of the palate AATre not depicted. 
HoAveATr, the matrix seems to ha at been remoATd at the time that 
]\Iarsh Avrote the description for his Dinosaurs of North America. 
Inasmuch as this is probably the most complete knoAAm skull of a 
carniATrous dinosaur, it has been thought proper to present photo- 
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gTai)hs of both sides of it and to figure and describe as accurately as 
possible the lower jaw and the palatopterygoid region. Four text 
figureSj two being reproductions of retouched photographs, are fur- 




FIG. 1.— (’KUATOSAUUUS NASICORNIS. Xe+. lilGirr SIDE OF SKULL. FOU EXPLANATION 

OF NUMERALS SEE FIG. 1!. 

nished. Fig. 1, drawn to scale, shows the most important parts of 
the left side of the skull. It is intended to illustrate especially the 
structures forming the roof of the mouth. 




Fig. 2. rERATOSAURUS NASICORNIS. Xo + - 



Fig. 2. Skull seen from the left side. In this figure the nu.meral 27 * stands 
ON the matrix WIIK'II fills the cavity of the prefrontal rone, the outer wall OF 
WHICH HAS KEEN RROKEN AWAY. TIIE UPPER IS PLACED ON THE RIGHT VOMER: THE 



UPPER 2S ON THE RKHIT ; 

1. Aiunilar. 

2. Antorbital vacuity. 

2. Articular. 

U. Cleft b(‘twocn i)lcry- 
jroids. 

7. Dent ary. 

•S. lOpipterysoid. 

!i. Frontal. 

10. Hyoid 1)011 c. 

11. .Iii^Gil. 

12. Luclirymal bone. 



ERYGOH). 

12. Maxilla. 

1-1. Maxillary depression. 
1.^). Xnros, extf'rnal. 

IG. Xares. internal. 

17. Xasal born. 

IS. Occijiital condvle. 

11). Orbit. 

20. Palatine. 

21. Parasphonoid. 

22. Parietal. 

24. Postfrontal. 



25. Prefrontal. 

20. Premaxilla. 

27. Post na rial foramen. 
2S, Pterygoid. 

21). I’terygoid process. 

20. Quadrate. 

21. Quadra tojugal. 

22. Squamosal. 

24. Sui)rangular. 

20. Transverse bone. 

27. Vomer. 
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In taking the photographs it has l)cen thought bettor to remove 
the lower jaw of the left side, a part of the jugal, the quadratojiigal, 
and the articular end of the quadrate (fig. 2), thereby presenting to 
better advantage the bones of the palatopterygoid arch. On the 
right side of the skull (fig. 3) are seen all the bones that bound 
the orbit, the infratemporal fossa, and the antorbital vacuity. The 
postfronto-squamosal bar remains. On the left side this is missing. 

On the right side is seen the prefrontal protuberance complete. 
The anterior half or more of this process is scooped out (fig. 3, in 
front of 25), the upper part deepest, so that the prefrontal bone is 
a mere shell. From the hinder border of this excavation a perpen- 
dicular slit 30 mm. long opens into a cavity that occupies the de- 
scending process of the prefrontal. On the left side the outer wall 
of the prefrontal is broken away, so that the matrix filling the cavity 




Fig, 3. — Cekatusauuus nasicoknis. X S + . Skull seen from the right side. For 
EXPLANATION OF NUMERALS, SEE FlG. 2. 



is exposed. In fig. 2 the numeral 25 is placed on the matrix which 
fills the cavity. The opening into the cavity is in front of the 25. 

On the left side the crowns of three teeth belonging to the lower 
jaw are seen adhering to the matrix. A large part of the crown of 
the fourth maxillary tooth, which was pushing itself through the 
bone, has at some time been exposed by removal of bone. On tlie 
right side most of the maxillary teeth are missing. The large tooth 
lying in the matrix with the apex pointing backward seems, from its 
narrowness, to be a mandibular tooth. Three mandibular teeth re- 
main in place. 

It will be observed that there is a large uneven depression in front 
of and partly above the antorbital vacuity (fig. 2, numeral 14). 
This is not well shown in ifarslrs figure. This depression probably 
corresponds to the postnarial vacuity figured by Lambe as belonging 
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to Dryptosaurus and that tigurod by Osborn as belonging to Creo^ 
sauras and AllosanrJis. There is a similarly placed vacuity in the 
skull of Diplodocus^ whose nasal openings are located far toward the 
rear of the skull. Inasmuch as this A^acuity in the Theropoda and in 
Dlplodocus appears to be Avholly in the maxillary bone, it might be 
Avell called the maxillary Avacuity. On the left side of the skull of 
our specimen of C eratosaurus no actual opening is seen through the 
bone, but on the right side, near the front of the depression, 47 mm. 
behind the nostril, there seems to be a foramen. 

Baur stated ® that there Avas a foramen betAveen the outer surface 
of the quadrate and the quadratojugal, as in Sphenodon, The pres- 
ent Avriter has not observed this. Seen from behind there is a con- 
siderable depression Avhere this foramen might be expected to occur; 
but the bone, though thin, seems to be continuous. 

The articular surface of the quadrate is about Go mm. Avide, but it 
is short fore' and aft. It may be said to consist of tAvo coiiA^exities 




Fig. 4. — Ceratosaurus nasicorxis. Xo- Inner face of left mandible. 1. Angular; 
2, SUPRAANGULAR ; 2, ARTICULAR ; 4, Si'LENIAL ; 5, DeNTARY. 



separated by a broad grooAX^ running obliquely outward and back- 

AA^ard. 

The left ramus of. the loAver jaAV (tig 4) permits examination of 
both faces, but it has been someAvhat restored and in places the sutures 
are not distinct. The right ramus remains attached to the matrix 
and pi'eseuts only the outer face. Fig. 4 sIioaa^s distinctly that the 
bones of its hinder pail have been someAvhat displaced. The supra- 
aiigular (fig. 4, numeral 2) is seen to form the upper border of the jaAV 
behind the dentarv. extending fonvard aboAv^ tlie lateral foi'amen in 
the jaAV. The angular, 1, is seen beneath the foramen. Its hinder end 
has probably been broken olf, but the bone probably did not reach the 
angle of the jaAV. The relations of this bone to its neighbors Avas 
probably the same as shoAvn l)v Lambe's figure,^ except that the bone 
regarded by him as the hinder laid of the dentary is almost certainly 
the angular. In Ceratosanrns the angular continues forAvai-d a little 
in fi'ont of the foramen. Here its oiitia- face is oA^ei‘lap])ed by a pro- 
cess of the dentary, 5, AAdiile on the loAver border of the jaAV a process 
of the s])lenial, 4, presses it.self betAA’cen tAvo processes of the angular. 
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Lambe has represented the angular as appearing hardly at all on 
the outside of the jaw, but extensively on the inner side. AVhat he 
regards as the angular is almost certainly a long process of the artic- 
ular, such as occurs in the lizards. If in Lainbe's specimen there is 
really a suture between the articular and the bone called by him the 
angnlar the latter is a distinct ])rearticular. Quite certainly in Cera- 
tosaurus the suture does not exist. Here the process reaches the fora- 
men and a little below it (fig. 4, numeral 3). The cotylus of the artic- 
ular, to suit itself to the quadrate, presents tAA'o grooA^es separated by 
an oblique ridge. The articular extended but little behind the cotylus. 

AVhat Lambe calls the presplenial, folloAving Baur, the present 
Avriter regards as a part of the tiaie splenial, the other part being 
Avhat Lambe has recognized as the splenial. Thus the existence of the 
suture represented by Lambe between his splenial and jDresplenial is 
questioned. In the species described by Lambe the anterior end of 
the splenial is A^ry slender; in Ceratosaurus the splenial throughout 
nearly its Avhole length rises close to the alATolar border of the dent ary 
and descends close to the lower border of the jaw. As it approaches 
the SAunphysis its loAver border seems to Inn^e risen somewhat. 

Fig. 1 represents a vicAv of the left side of the skull, that AAdiich 
best shoAvs the bones of the palate. In the fossil the bones of the 
palate .stand nearly perpendicular, but aa ithout doubt this is to a great 
extent due to crushing. They probably sloped upAvard and inward at 
an angle of about 45 degrees, or more probably they formed a A^aulted 
roof for the mouth. 

The postero-inferior process of the pterygoid (fig 2, numeral 28) 
joins the inner border of the quadi‘ate at a point about 55 mm. aboA^e 
the articulation of the latter bone Avith the loAver jaAv. The postero- 
superior process rose to the upper end of the quadrate. Whether or 
not the pterygoid articulated Avith the (piadrate the AAdiole distance 
betAveen the tAvo points mentioned is someAvhat uncertain. On the left 
side of the skull a considerable part of the pterygoid from the middle 
of the quadrate forAvard is broken aAvay. ]\[arsh neither mentions 
any vacuity here nor does he represent it in his figure. On the right 
side there is a gap betAAX‘en the tAvo bones, extending about 55 mm. 
along the border of the quadrate and forAvard from it less than 15 
mm. It seems probable that in life this gap Avas filled in Avith bone. 
This region is represented in the figure as it appears on the right 
side. In Sphenodon the quadrate sends forAvard a broad process 
betAveen the upper and lower processes of the pterygoid. It is quite 
certain that this Avas not the case in Ceratomirrus, 

ilarsh informs us that there is a A^ery short, thin epipterygoid 
closely articulated hj suture Avith the pterygoid. The position of the 
suture is obscure, but it Avas doubtless present. ]Marsh Avas probably 
mistaken when he affirmed that the upper end of the epipterygoid 
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in*ticnhitocl with the postfrontal. Its connection must have been witli 
the border of the parietal. The epipteiygoid of the left side lias its 
upper end missing* (fig. 2, numeral S). On the right side this bone is 
uninjured. Its upper end is moved Avell outward toward the post- 
frontal, but it is probably joined to the parietal. The suture between 
the latter bone and the postfrontal is obscure. Just behind the base 
of the epipleiygoid the width of the pterygoid is 04 mm. 

The inner and anterior end of the transverse bone (figs. 1, 2, nu- 
meral HO) overlaps the outer border of the pterygoid, as if it had 
been pi’essed somewhat out of its natural relations; but in both 
S /) he n 0(1 o?) and Ci/eJura the transverse bone overlaps the pterygoid. 
From the outer border of the pterygoid and of the transverse bones 
a strong jirocess, 29, descends to a point a little below the upper 
border of the lower jaw. ]\Iarsh indicates that this pi’ocess belonged 
wholly to the transverse, but the suture between the two bones is dis- 
tinct. The transverse measures IGOmm. from its inner end to the 
extremit}^ of the process mentioned. Just in front of the inner end 
of the transverse the ptei'ygoid is 4r> mm. wide. 

The sutures separating the pterygoid, the i)alatine, and the vomer 
are not as distinct as could be desired. Nevertheless their courses 
may be made out more or less satisfactorily. The bones of the right 
and left sides did not articulate on the midline. Doubtless there 
Avas, at least posteriorly, a considerable interval lietAveen them. In 
the skull, as preserved, the rounded inner, or upper, border of the 
bones of the right side rise several millimeters aboA’e those of the 
left side. 

^lostly hidden by the lachrymal and the jugal, in a side vieAv of the 
skull, is a consitlerable vacuity in the bones of the roof of the mouth. 
Its fore and aft extent is 90 mm. This is called by Lamlie the sub- 
orbital vacuity. It seems to correspond to the postpalatine foramen 
of lizards, turtles, and sphenodon. It is bounded behind by the trans- 
verse and mesially, in part, by the ])teiygoid. In fig. 2 the vacuity 
is mostly hidden by the lachrymal. A part of it, Avith light shading, 
ap[)cars betAveen the tAvo numerals 20; the hinder part is shaded 
dai’k and is in front of numeral HO. 

Another fissure in the roof of the mouth is seen through the antor- 
bital vacuity and is situated just aboA’e the border of the maxilla. 
This is the internal nasal passage (fig. 2, numeral 10). It extends 
forward to the anterior end of the antorbital A^acuitv and baclvAvard 
to a bar of bone that bounds the ])ostpaIatine vacuity in front. The 
whole extent of the internal nasal passage, as seen, is Sr> mm. Pos- 
sil)ly it extended forAvard some distance beyond the front of the antor- 
l)ital vacuity. 

Tli(* l)one that lies l)etw(H4i tlu^ posti)alatine A^acuity and the nasal 
]>assage is undoubtedly the palatine (figs. I, 2, numeral 20). A 
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of this bone runs backward apiinst the inner face of the max- 
illa, its hinder extremity being hidden by the maxilla, the front end 
of the jngal, and the base of the lachi-ymaL The hinder border of 
the bone s^Yeeps around and bounds in part the postpalatine vacuity 
mesially. The suture between the palatine and the pterygoid appears 
to l)e where drawn in fig. 1, running first directly forward from the 
inner side of the postpalatine vacuity to a distinct ridge, then fol- 
lowing u|)ward and inward this ridge about 25 mm. Behind this 
I ridge the fibers of the bone ai’e directed fore and aft; on the ridge 
[ and in front of it they are directed upward. There can be little doubt 
1 that the surface behind the ridge belongs to the pteiwgoid; that in 
^ front of it, to the palatine. 

AVhen carefully examined, the ascending suture appears to end 
about 20 mm. below the upper border of the plate of bone of this left 
side. From this point there appears to be a suture that runs forward 
, some distance. Above this supposed suture the bone fibers are 
; directed forward ; below it, near the ridge, they are directed upward ; 
more anteriorly they run upward and forward. The part of the 
bone with ascending fibers is quite certainly the upper and anterior 
portion of the palatine. One can not be certain how far forAvard this 
bone extends; it seems to reach almost to the front of the antorbital 
vacuity, ending there in a point. It is possible, hoAvevei', that it ends 
on the border of the nasal passage about 35 mm. behind the front of 
the antorbital vacuity. 

The bone lying aboA^e the palatine and at the front of the antorbital 
A'acnity is undoubtedly the left A^omer (figs. 1, 2, numeral 37), 
This appears to extend backward to meet the pterygoid aboA^e the 
palatine, as draAvn in the figure. If this is the case, the palatines 
did not meet at the midline of the palate. Lambe concluded that in 
the skull of his Dryptosaurus incrassatus {AIhcrtoscu(r}(s sarcophagus 
Osborn) the palatines Avere in contact posteriorly. 

If the conclusions arriA^ed at here are correct, the internal narial 
passage Avas bounded imvardly almost Avholly by the palatine; only 
slightly by the A^omer. In any case, the A^omer takes a less important 
part in the border of the internal nostril than it does in either 
Spheuodon or Cychtra, In Cyclura^ perhaps in lizards generally, the 
palatines meet in the midline, thus shutting off the pterygoids from 
the A^omers. In Sphevodon the pterygoids join the vomers. In the 
broad union of the pterygoid Avith the quadrate and the union of the 
pterygoid Avith the A^omer, (^eratosaurus appears to sIioav closer rela- 
tionship Avith Sphenodon than Avith the lizards and crocodiles. In the 
crocodiles access to the supratemporal fossa from behind is cut oll‘ 
aboA’e the paroccipital process, but not from beloAv. 

To AAiiat extent the internal nasal passage aa as bounded exteriorly 
by the palatine in Ceratosaurus can not be determined. Possibly a 
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process of the bone extended forwnrd outside of the passage against 
the inner face of the maxilla. 

A comparison of the palate of C eratosaurus with that of DiplocU 
ocvs^ as i‘e])resented by ]\farsh ° brings to light both differences and 
resemblances that are interesting. In describing the palate of 
Diplodonis it will be convenient to regard it as divided into anterior, 
second, third, and posterior fourths. In this genus, as in Ceratosau- 
/v/.v, the pterygoids extend far forward, to come into contact with the 
small vomers. Along the midline they are applied to each other 
backward nearly to a line joining the articular ends of the quadrates 
at the hinder end of the third quarter of the length. In the lizard 
Cyclum they diverge about the middle of the length of the skull. 
In Diplodocus the postero-inferior process of the pterygoid is very 
short, on account of the forward swing of the quadrate. Thus the 
basipterygoid processes join the pterygoids but little in front of the 
articular ends of the quadrates. 

The anterior position of the articular ends of the quadrates has not 
l^een acquired at the expense of the posterior processes of the ptery- 
goids alone. There seems to have occurred in Diplodocus a remark- 
able shoving forward of structmns that in C eratosaurus lie across the 
second and third quarters of the length of the base of the skull. On 
examining ^Ntarsh's figure of Diplodoc\(S it will be observed that there 
are four vacuities lying in a row across the palate in the second quar- 
ter of the length. The tAvo of these Avhich are nearer the midline are 
the internal nasal passages; those lying farther outward, right and 
left, th(‘ postpalatine vacuities. In C eratosaurus^ as in Ci/cJura^ the 
latter are behind the nasal passages, being sei)arated therefrom by the. 
palatine l:>ories. In DlpJodoois the postpalatine A^acuities seem to haA’c 
been croAvded foi’Avard alongside and outside of the nasal openings. 

Each post palatine vacuit y is mostly inclosed by the maxilla and its 
processes, only a little of its hinder end being inclosed by the palatine 
and the transA’erse bone. The hinder end of the nasal passage lies 
betAveen the foi’ks of the small })alatine. The rest of its inner border 
is formed by the slender vomer, Avliile it is bounded in front and 
outAvardlv by processes of the maxilla. 

“Dinosaurs of North America, p. ITT, tig. liT. 



